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Section 3    Energy-Dispersive X-ray Fluorescence (EDXRF) 
Analysis 

3.1 Introduction to EDXRF Analysis 
The use of Energy-Dispersive X-ray Fluorescence (EDXRF) may make it possible to 

determine if lithic artifacts of the project area are from similar or different sources or from 
distant sources (such as, for example, from another island). Using a EDXRF spectrometer, Dr. 
Peter Mills of the University of Hawai‘i at Hilo is working to establish geochemical 
“fingerprints” of stone tools that traditional Hawaiians quarried from various sites and to track 
the extent to which that material was circulated on an island or throughout the islands. The 
EDXRF analyzer allows archaeologists to conduct rapid and non-destructive analyses of stone 
artifacts to determine the extent and distance to which stone tools moved from the quarries. 
Attempts were made to match the lithic artifacts found with geochemical data collected on 
known prehistoric quarry areas. Samples that do not match known quarry sites may lead to the 
discovery of currently unknown quarry sites, or possibly to the identification of stone tools 
derived from other island groups such as Tahiti and the Marquesas. By examining the extent to 
which stone tools in various ahupua‘a were derived from non-local sources, archaeologists will 
be able to quantify traditional Hawaiian movement of lithic artifacts through time and space and 
possibly identify some tools that were carried over long distances of open ocean. Although 
EDXRF analysis shows great promise, the data base of analyzed samples is still small (and 
somewhat geographically skewed in favor of the Big Island at present). 

It should be noted that the entire lithic assemblage recovered in the course of the HHCTCP 
City Center Section AIS (Table 4) was very modest and did not include any lithic tools (other 
than volcanic glass) or any polished flakes. Thirty samples were sent for EDXRF analysis 
including 28 samples of volcanic glass, an ‘ulu maika, and a basalt waste flake (see Table 4 and 
Table 3. 

3.2 Results of EDXRF Analysis 
The results of EDXRF analysis are presented in detail in Table 3 and are summarized in Table 

4. The analysis of the volcanic glass suggests that there were two different geological sources. 
Dr. Mills explains. 

There are two geochemical groups of volcanic glass. We are still working out the 
range of local volcanic glass for O‘ahu, but it’s safe to say that neither of these 
groups match the VG found in Big Island sites, and our best guess at the moment 
is that these geochemical groups will be consistent with local O‘ahu sources. The 
long “comet” trails on each group on the Sr and Zr plots are due to the very small 
sizes of the samples (Dr. Peter Mills, personal communication, February 19 
2013). 
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Table 3.EDXRF Data for HHCTCP City Center lithic samples 
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Table 4. EDXRF Sample Summary for HHCTCP City Center lithic samples 

* certain samples were found to not be volcanic glass and have been deleted  
**  volcanic glass was divided into groups on the basis of Sr/Zr ratios indicating two different deological 

sources

Sample 
#* 

Trench Stratum Feature Depth 
(cmbs) 

Weight 
(g) 

Artifact Comments 

1 014 II - 80–07 0.1 Volcanic glass Group 1** 
2 020A II - 236–253 0.4 Volcanic glass Group 1 
5 096 II - 134–164 0.1 Volcanic glass Group 1 and 

Group 2** 
6 120 II C 112–126 0.3 Volcanic glass Group 2 
7 II D 110–118 1.5 Volcanic glass Group 2 
8 II E 107–120 <0.1 Volcanic glass Group 1 
10 120A II - 110–118 0.4 Volcanic glass Group 2 

11 II 4 128–132 0.1 Volcanic glass Group 2 
12 120B II - 110–130 51.4 Basalt core 

debitage 
- 

13 II - 130–140 0.1 Volcanic glass Group 1 
14 123 III - 180–192 0.1 Volcanic glass Group 1 
15 124 IIa 1 118–136 0.1 Volcanic glass Group 2 
16 IIb 8 144–162 0.1 Volcanic glass Group 2 
17 142 IIa 2 44–52 180.2 ‘Ulu maika - 
18 146A IIa 2 75–90 0.2 Volcanic glass Group 1 
19 IIa 4 85–95 1.0 Volcanic glass Group 1 
20 150 II 3 90–130 0.1 Volcanic glass Group 1 
21 151 Id 2 53–75 0.8 Volcanic glass Group 1 
22 IIa - 80–97 0.1 Volcanic glass Group 1 
23 151A Id 1 57–78 0.1 Volcanic glass Group 1 
24 226A IIa 3 97–100 0.1 Volcanic glass Group 1 
25 226B II - 73–76 0.1 Volcanic glass Group 1 
26 II 2 80–90 0.1 Volcanic glass Group 1 
27 II 3 82–93 1.1 Volcanic glass Group 1 and 

Group 2 
28 II 5 76–90 0.1 Volcanic glass Group 1 
29 227A IIa 2 108–131 0.5 Volcanic glass Group 1 
30 IIa 4 94–108 0.2 Volcanic glass Group 2 
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A diagram of the Strontium (Sr) vs. Zirconium (Zr) ratios (Figure 24) of the HHCTCP City 
Center volcanic glass samples was prepared. The ratio of these two elements is understood to be 
particularly useful in comparing the elemental fingerprints of volcanic glass. The volcanic glass 
samples submitted for analysis do indeed appear to fall into two geochemical groups (Figure 24) 
each with very similar elemental fingerprints. Thus almost certainly the samples falling into each 
of the two groups came from two discrete geological sources. 

As Dr. Mills notes “we are still building our O‘ahu data base” and, in the absence of extensive 
comparative data, the affinities of the two volcanic glass geochemical groups are not clear cut. 
The two geochemical sample groups from the HHCTCP City Center lithic samples were 
compared with the strontium to zirconium ratios for volcanic glass from Pu‘u Wa‘awa‘a on 
Hawai‘i Island (Figure 25) and to data from a Waiāhole O‘ahu volcanic glass source (Figure 26). 
The comparison to the Pu‘u Wa‘awa‘a glass was made because 1) volcanic glass from that 
source was very widespread, and 2) the comparison provides clarification regarding the 
precission of the comparative technique. It appears clear that there are minimal similarities to the 
widespread Pu‘u Wa‘awa‘a glass (Figure 26). Volcanic glass from the Waiāhole source, on the 
other hand, indicated overlap with the Group 1 volcanic glass samples (but not with the Group 2 
sample cluster volcanic glass samples). All that can be said with certainty is that the 
geochemistry of the Group 1 samples is similar to the Waiāhole volcanic glass source but 
geographical proximity for the geological origin of the Group 1 samples to Waiāhole is 
suggested. No such geographic proximity is suggested for the Group 2 volcanic glass and we 
cannot otherwise speculate on the location of their geological source. 

The only other lithic samples were a gaming stone and a basalt flake. Dr. Mills commented 
with the following: 

The [‘ulu maika] and basalt flake are both relatively high in Sr, which suggests 
they are from alkalic lavas. It is quite clear that the flake is not from the Waiahole 
adze quarry on the north shore of O‘ahu.  

They don’t closely match the samples that we have run from the H3 project or 
from the US Army Garrison on O‘ahu,… At this point, it is safe to say that they 
don’t match the Ko‘olau basalts or the early shield building phases of the 
Wai‘anae volcanic series. (Dr. Peter Mills, personal communication, February 19 
2013) 

A plot of the gaming stone and basalt flake results against the volcanic glass (Figure 27) 
suggests they came from different geological sources. A comparison against other samples from 
elsewhere in the Hawaiian Islands is shown in Figure 28. The basalt game stone bears a quite 
close elemental signature to a lithic sample from Nualolokai on Kaua‘i and the basalt flake 
shows similarities to Big Island (Pu‘u Wa‘awa‘a samples). These similarities may be 
coincidental.  
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Figure 24. Graph of Strontium (Sr) vs. Zirconium (Zr) ratios of HHCTCP City Center volcanic 

glass samples indicating that volcanic glass from two distinct geological sources was 
utilized 
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Figure 25. Graph of Strontium (Sr) vs. Zirconium (Zr) ratios of HHCTCP City Center volcanic 

glass samples in comparison to the quite wide-spread Pu‘u Wa‘awa‘a volcanic glass 
source indicating that the HHCTCP volcanic glass did not come from that geological 
source 

 
Figure 26. Graph of Strontium (Sr) vs. Zirconium (Zr) ratios of HHCTCP City Center volcanic 

glass samples in comparison to volcanic glass from a Waiāhole O‘ahu source 
indicating that the “Group 1” HHCTCP volcanic glass came from a very similar 
geological source but that the “Group 2” volcanic glass came from a quite different 
geological source
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Figure 27. Graph of Strontium (Sr) vs. Zirconium (Zr) ratios of HHCTCP City Center lithic 

samples in comparison to other O‘ahu Island samples 

 
Figure 28. Graph of Strontium (Sr) vs. Zirconium (Zr) ratios of HHCTCP City Center lithic 

samples in comparison to other Hawaiian Island chain samples
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A plot of the test excavations for volcanic glass samples (Figure 29) suggests differences in 
their pattern of distribution. The Group 1 (Waiāhole-lile volcanic glass is quite wide-spread with 
identifications from almost one end of the HHCTCP City Center Transit Alignment to the other. 
Cultural Surveys Hawai‘i has previously documented this volcanic glass type in Waikīkī, and it 
appears to be spread further afield on O‘ahu as well (Hammatt et al. 2012:276–278).  

In contrast, the identifications of Group 2 volcanic glass all occur within the 2 kilometer 
stretch southeast from the mouth of Nu‘uanu Stream. Two contrary hypotheses are suggested. 
The more limited distribution of Group 2 volcanic glass could relate to a more localized source, 
perhaps in the neighboring leeward, south Ko‘olau volcanic range, with limited distribution. 
Variously, given that this immediate area may have been more likely to have been involved in 
interisland interchange than most areas of the archipelago, the likelihood of volcanic glass from 
another island might be greater in this area than in most other foci of traditional Hawaiian 
settlement. For example, it seems probable that the Maui and Hawai‘i Island forces involved in 
the conquest of O‘ahu and the establishment of the center of Kamehameha’s kingdom in what is 
now downtown Honolulu in the 1795 to 1810 timeframe would have transported volcanic glass 
from their home islands to this immediate area of O‘ahu. 

The EDXRF technology offers exciting prospects to inform regarding the place of origin and 
patterns of distribution of lithic tools. The expansion of a data base of geochemical “fingerprints” 
of stone tools may well shine light on questions such as the origin and history of the Group 2 
volcanic glass discussed above. 
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Figure 29. Distribution of the Group 1 (Waiāhole-like) and Group 2 volcanic glass (Four test 

excavations had both types.)


